The lectin slide agglutination test for Neisseria gonorrhoeae has been modified and improved. Results show that wheat germ agglutinin and soybean lectin agglutinate 100% (193 of 193 tested) In this report, a method is described which eliminates autoagglutination. Furthermore, it is shown that the use of WGA in conjunction with a peptidase assay is a valuable adjunct in identifying both gonococci and meningococci. A preliminary account of this research has been presented (F.
The lectin slide agglutination test for Neisseria gonorrhoeae has been modified and improved. Results show that wheat germ agglutinin and soybean lectin agglutinate 100% (193 of 193 tested) of clinical isolates of N. gonorrhoeae. Lectin-reactive meningococci can be readily identified by the hydrolysis of gammaglutamyl-3-naphthylamide. Branhamella catarrhalis, Neisseria lactamica, Neisseria sicca, Neisseria subflava, Neisseria perflava, and meningococcal serogroups A, B, C, X, Y, and Z do not interfere with the positive identification of N. gonorrhoeae. The frequently encountered problem of autoagglutination of members of the family Neisseriaceae may be circumvented by a short treatment of cellular suspensions with DNase. Based on agglutination assays, the enzyme treatment did not result in a loss of wheat germ agglutinin receptors from the bacteria. The lectin agglutination test, coupled with the gamma-glutamyl aminopeptidase assay, is proposed as a rapid and accurate means of identifying clinical isolates of gonococci.
Lectins have become reagents which have a variety of uses in microbiology (reviewed by Pistole in reference 18). The selectivity of lectins for microbial surfaces is frequently advantageous in the laboratory identification of primary isolates. For example, Schaefer et al. (19) found that wheat germ agglutinin (WGA) would agglutinate most Neisseria gonorrhoeae clinical isolates, but only infrequently would Neisseria meningitidis isolates react with this lectin. Senne (20) confirmed the results of Schaefer et al. by correctly identifying 119 of 120 clinical gonococci isolates with WGA. Frasch (11) observed that nongroupable meningococcal strains would also interact with WGA. Later, Curtis and Slack (6) found that most gonococci, a strain of Neisseria lactamica, and several meningococci encompassing the known serogroups could be agglutinated by WGA, suggesting a limited usefulness of the WGA test for identification of N. gonorrhoeae. Moreover, the reported high incidences of autoagglutination of gonococcal suspensions (2, 6) (2, 10) . In all routine agglutination assays, when autoagglutinations were observed, the cells were first treated with DNase before being mixed with lectin. Species other than N. gonorrhoeae, such as Branhamella catarrhalis, clinical meningococcal isolates, and Neisseria sicca frequently exhibited ten'dencies to autoagglutinate. In every case, the autoagglutination was reversed by DNase (25-,ug/ml final concentration).
Interaction between lectins and members of the family Neisseriaceae. Connelly et al. (5) and Allen et al. (1) have provided substantial evidence to show that the lipopolysac- of lectins required for agglutination of the other members of the family Neisseriaceae tested. In general, the lower the concentration of lectin required to effect agglutination, the higher the affinity of the lectin for the bacterial surface. Of all the members of the family Neisseriaeceae tested, B. catarrhalis appears to have the least affinity for lectins.
Gamma-glutamyl aminopeptidase activity in gonococci and meningocococci. Results in Tables 1 through 4 suggest that WGA is a useful reagent in the laboratory identification of N. gonorrhoeae. When used at low concentrations, WGA is selective for N. gonorrhoeae, group Z, and nongroupable meningococci. A means is thus required to discriminate between N. gonorrhoeae and these N. meningitidis strains. D'Amato et al. (7) and Hoke and Vedros (15) have observed that no strains of N. gonorrhoeae contain gamma-glutamyl aminopeptidase (22) , but that all meningococci do contain the enzyme. It was observed that when GG-P-NA is incubat- ed briefly with N. meningitidis and a coupling agent (Fast Garnet) is added, a chromophore characterized by an absorption maximum at 510 nm appears (Table 5 ). This method yields a rapid and qualitative discrimination between gonococci and meningococci. DISCUSSION N. gonorrhoeae may be presumptively identified if the organism came from urogenital sources and if the isolate is a phenoloxidase-positive, gram-negative diplococcus. Because of the clinical demands for species level identification, especially when the specimen may be suspected of containing other members of the family Neisseriaceae, it is necessary to subject the isolate to additional tests to confirm the presence of N. gonorrhoeae. Morever, because gonococci appear to be able to rapidly exchange genetic information, their ability to be correctly identified with absolute reliability by carbohydrate utilization is now questionable (16) . Results from the present study suggest a simple and rapid means of identifying N. gonorrhoeae from a colony. The colonial material should be suspended in PBS and then interacted with a low concentration of WGA (e.g., about 3 to 6 ,ug/ml). In the case of a positive agglutination test, a urogenital isolate can be presumptively identified as N. gonorrhoeae. The use of a low concentration of WGA eliminates the potential for misdiagnosing the isolate as N. lactamica. This organism is usually confirmed by hydrolysis of ortho-nitrophenyl-o-D-galactopyranoside (7) . If the colony represents a suspected meningococcus, it is suggested that the organisms be assayed for gamma-glutamyl aminopeptidase with GG-p-NA as a substrate. The absence of the enzyme confirms the original WGA-reactive bacteria as N. gonorrhoeae. Both procedures require 5 to 15 min to complete and therefore represent a considerable savings in time and effort over other techniques (2, 4, 7, 9, 10, 14, 17, 21) .
When specimens are plated on Thayer-Martin or modified New York City media, the only members of the family Neisseriaceae to routinely grow are N. gonorrhoeae, N. meningitidis, N. lactamica, and an occasional strain of B. catarrhalis (9, 10, 12) , an organism which does not react with WGA. Moreover, only the nongroupable N. meningitidis strains appear to be agglutinable by WGA. Frasch (11) has found that other nonencapsulated meningococci are WGA reactive. It is interesting, however, that Curtis and Slack (6) found that of 10 strains of N. meningitidis, which they designated as group EZ, none was agglutinable by WGA when the lectin was used at a concentration of 62 pLg/ml. It is possible that upon subculture, the meningococci lose surface polymers, thereby exposing the N-acetyl-D-glucosamine residues of lipopolysaccharides or peptidoglycan. The peptidoglycan is a known receptor of WGA (1, 5, 13) . Some of the species and strains of Neisseriaceae used by Curtis (1, 5, 11, 19, 20) , but these occur at a low frequency. We suggest that clinical isolates should be tested with low concentrations of both WGA and SBA to eliminate the possibility of false-negative assays. The WGA binds to N-acetylglucosamine (13) , whereas the SBA binds to D-galactose or N-acetylgalactosamine (13) . A mutation resulting in the loss of a terminal Nacetylglucosamine would, therefore, not be a factor in the correct identification of the isolate if both lectins are used. Of the galactose-binding lectins capable of agglutinating N. gonorrhoeae (Table 2) , SBA is preferred because of its nontoxicity. To circumvent differences in the agglutinating capacities of different batches of lectins, it may first be desirable to standardize lectin concentrations against a laboratory-adapted strain.
It is interesting that DNase reversed the autoagglutination of gonococci (and other members of the family Neisseriaceae) ( Table 1 ). The well-known tendency for Neisseria species to autolyze may be a contributing factor in autoagglutination. Nucleic acids from lysed cells may form polyelectrolyte complexes with unlysed cells, thereby leading to autoagglutination. The DNase then may be destroying the integrity of the cellular aggregates by nucleolytic attack on the complexed DNA. It is unlikely that simple salt bridges or the hydrophobic effect contributed significantly to autoagglutination because salts or detergents did not reverse the aggregation. Arko et al. (3) observed that DNase or RNase would give "more uniform cell suspensions" of various 
